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(54) Systematic convolutions interteavers and desnterSesveres 



(57) A systematic convoiuliona! intorlaaver arrange- 
ment that Is obtained by treating the input signals ot an 
associated error correcting encoder as if they had been 
pre-inierlesvod in a very particular way so that the order 
of the input signals of the encoder is no' altered when it 



is transmitted to the channel. By way of example, art in- 
lerieaver/deinterleaver arrangement is disclosed that 
uses Reed Solomon code RS{1 20,118) and employs 
rfalay element banks and associatee routing to inter- 
leave and detnterleave the signals. 
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Description 

B ackground o f this Invention 

This invention relates to systematic convolutions! 
inierleaversand dsinSerleavers that are used in conjunc- 
iion with error cof reeling coders in a communication or 
storage system. 

Comrnun teat ion of signals invariably has to deaf 
with transmission ot signals through a channel where 
errors are introduced. FIG. 1 presents the block diagram 
of a prior art arrangement 'or such an environment, 
where the input signals are first applied to encoder 100, 
the encoded signals are passed on to interleaver 20C, 
•he interleaved signals are modulated in bfock 300 and 
;ns modulated signals are applied to the channel The 
signals received srom the channel are demodulated in 
slock 400, dainteneavGd in block 500 and lastiy decod- 
ed in block 600 to recover ihs input signals into encoder 
100. (In the present illustrative embodiments, each so- 
called "signal" is a digital signal comprising 8 dala oils. 
Sut in other embodiments each signal may comprise any 
number of bits, including one bit. in many contexts, the 
"signal 0 may be understood to be a "symbol" of s so- 
cailed signal constellation. ) 

Interleave? 200 is interposed in the system in order 
to account for burst errors in tho channel. Specifically, 
;merleaver AGO disperses adjacent signals in time prior 
to modulation, so that burs! errors with a large number 
of errors in a short tiTie span, do not affect toe many of 
adjacent signals of the original uninterieaved signals 
Conversely, when considering the signals coming from 
the channel, errors that arc- closely spaced in lime to 
each other are interspersed at the output of the deinter- 
leaver to be far apart from each other. The consequence 
of Shis dispersing is that decoder GOO is able to recover 
;ha input signals entered into encoder iCO by virtue of 
Shs error- correcting redundancy included in the signals 
which decoder 600 utilizes: 

it is also well known that modulator 300 as well as 
demodulator 400 may be subsystems that themselves 
include coding and decoding For example, modulator 
300 may include a front end section that is a trellis en- 
coder. Correspondingly, tho tail-end of demodulator 400 
would include a Vitero; decoder. 

Summary of the invention 

EP-A-07435053 (Arrwariy) discloses a systematic 
convolutions! irsterlesver arrangement in which She input 
signals oi an associated error correcting encoder are 
treated as it they ;iad been p re - in let leaved tn a very par- 
ticular way so that the order of the input signals ol the 
encoder is no: altered when It is transmitted to the chan- 
nel n the arrangements disclosed in the Amrany patent 
application, successive signals ol each error correcting 
code codeword. 39 a Reed-Solomon codeword, arts 
separated in the interleaved stream by a constant 



amount equal to the so-called decocfing depth. By con- 
trast in systematic convolutions! interleaver arrange- 
ments embodying the principles of the present inven- 
tion, that separation is not r-ecessariiy constant and, in- 

£ deed, is greater than the decoding depth for at least cer- 
tain successive ones of the signals comprising a partic- 
ular codeword. This is advantageous in that, for exam- 
pis, the increased average separation of the signals 
comprising a particular codeword enhances the sys- 

10 tern's ability to withstand burst errors in the channel. In 
addition, if the interleaving which provides the aforesaid 
increased separation is earned out in a particular way, 
as described hereinbeiow. the de inter) saving process 
can be advantageously implemented using actual delay 

'S lines, as opposed to random access memories which 
emulate delay lines. This is advantageous in that given 
a particular implementations! technology, e.g., MOS cir- 
cuitry, actual delay tines can be operated to provide 
higher throughput than a random access memory delay 

20 line emulations, theieby facilitating the use of the inven- 
tion in h«gh*data-speed applications. 

Brief Description oj the Drawing 

FIG 1 shows a prior art coder/decoder arrange- 
ment with an rntorleaver and a deinta Heaver inter- 
posed therebetween; 

FIG 2 depicts a prior art block interleaves 
FIG 3 shows a prior art convolutions:) interleaver 
30 and deinforleaver: 

Fl G . 4 illustrates a systematic block interleaver sug- 
gested by Galiager: 

FIG. 5 presents a pictorial overview of an illustrative 
stream of incoming Reed-Sotomcn codeword sig- 
35 nals, pursuant to an illustrative embodiment of the 
invention; 

FIG 6 provides a systematic conventional tnter- 
leaver lor the signa) stream ol FIG. 5; 
FtG. 7 illustrates a systematic, conventional dein- 
4o ter leaver adapted to respond to signals developed 
by the inierleaver o! FIG. 6: and 
FiG. 8 presents a pictorial overview of an another 
illustrative stream of incoming Reed-Solomon 
codeword signals. 

Detailed description 

FIG. 2 presents a simple implementation of a con- 
ventional block interleaver 2.00 When the interleaving 

so ansngement seeks to interleave Reed-Solomon <RS) 
codewords of length 1 20 signals to a depth of 30 coda- 
words, all that is needed is a matftx such as depicted in 
FIG 2, which can be viewed to comprise 30 rows and 
120 columns of signals. Interleaving is accomplished by 

•ss writing incoming signals sequentially into the signals 
matrix and thus populating the matrix a row at a time. 
An interleaved output is obtained by reading signais out 
of She matrix a column at a time. Row 1 , for example. 
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consists ot 120 signals C 0 ,59 C 0 , 18 ,..., C 0 0 of the 0* 
codeword Correspondingly, column 1 consist of C 0 
c i.i is c 20.i ig. which correspond to the first signals o! 
the G ,h , 1 s ', .. and 29 lh codewords. This arrangement is 
said xo provide an interleaving depth of 30 signals be- 
cause successive signals of the same codeword are 
caused to be 30 s:gna;s apart ;n the interleaved signal 
stream.. 

A block cein'erieaver can be identical to the block 
inie-Seaver of FIG 2 Trie overall memory requirement 
for t!-se interleaver and the deinterleaver, therefore, is at 
leas; 7,200 signals, and the overall delay between the 
input io the inter leaver and the output of the deinterteav- 
er is approximately 7.2C0 signal periods. 

FIG. 3 preser-ts s simple embodiment of a conven- 
tional corwolutionai interleaver ana deinterleaver with 
the same interleaving depth of 30 signals. A convolu- 
tions,! interleaver as. one where within any selected block 
of signals in the interleaved signal stream, mere exists 
at least one codeword witn some signals mtssing. 

•rx FIG. 3, the incoming signals appear on line 24, 
switch 25 cycles thiough dstay elements 201. 202.,.. 
230 {note thai register 201 has 2sro delay and is, there- 
fore, simply a connect ion), and successive signals on 
line 24. are applied ;o successive delay elements. Switch 
31 at -.he output of the interleaver is synchronized with 
switch 25, resulting in an interleaved output emanating 
from switch 31. In particular, when the incoming signal 
stream to the F!G -3 arrangement is 

and where signai C m . xs is stuffed into tietay eismen: 
201 , the output at switch 31 of FIG, 3 is 

C mT13- C n>.< 118- C m-2.1)7- C pi-2JJ.90. &m&}. 
Cnv!.3« 

As can be observed from the above, signals that belong 
to the same RS codeword are separated at the output 
of switch 31 by a' least 30 signals (e.g.. C m 1!9 and 

FIG. 3 also shows a deinterieaver that performs the 
inverse operation cf the ccnvolutiona! inter ieaver. It may 
also ise noted that the memory requirement and delay 
of the FIG 3 interieaver/deinterSeavsr is considerably 
smaiier than a corresponding RG. 2 implementation. 
Specifically, only 3.460 signals ot memory are needed, 
and She total interiijaving/deirterieaving delay is also 
3,480 signals. 

The interleaves of FIGS 2 and 3 are not "system- 
atic'' because ihe order o? the input signals is altered by 
the interleaver. N on -system aire interleave rs have a 
numcer of problems. First, me receiver cannot skip the 
demierseaver if it chooses to skip the associated decod- 
er The deirsterieaving delay, therefore, is not avoidable. 
Second, barely errors that cannot be corrected by the 
decoder will be spread by the deinterleavar. It turns out 
that in varrous applications it is better to suffer a number 
of errors concentrated in time than to suffer the same 
number oi errors over an extended time span. In such 
cases, therefore, spreading or dispensings? uncorrected 



errors is not desirable. 

The conventional encoder-interleaver arrangement 
of F!G. I requires only a single encoder. In "information 
Theory and Reliable Communication" by R G. GaSlager, 

s John Wiley & Sons, 1 968. pp. 286 et seq„ a more com- 
plex arrangement is presented wi!h a plurality of encod- 
ers. This plurality of encoders aims to replace the com- 
bination ol the encoder and block interleaver ol FIG 1 . 
Although no specific embodiment is depicted for the en- 

io coders or for any means for conlroiling the encoders, 
the Gailager depiction does suggest that a systematic 
block inlerleaver can be realized through the use of a 
switch al the input and a switch at the output of the plu- 
rality of encoders. It is not convolutional interleaving, 
however. 

The Gatlager structure, depicted in FIG. 4, presents 
a hardware and/or speed penalty at the decoder. In one 
decoding embodiment it appears that 30 separate de- 
coders must be used, with the signals appropriately 

zo routed to tnose decoders. In another embodiment , it ap- 
pears that a deinterleaver would need to be used first 
dike the one depicted in FIG. 2), followed by a very fast 
decoder, fn either case, the decoder becomes commer- 
cially unattractive. 

The challenge is to develop a systematic, convolu- 
tional, interleaver in order to avoid the two problems de- 
sciibed above in connection with systematic block inter- 
leavers. Indeed, one such type of systematic, convolu- 
tional interleaver is de sen bed in FP-A-074805R (Amra- 

30 ny). 

In the arrangements disclosed in the Amrany patent 
application, successive signals ol each error correcting 
code codeword, e.g. a Reed-Solomon codeword, ar© 
separated in the interleaved stream by a constant 

as amoum equal to the so-called decoding depth. Indeed, 
such an appioach is implemented in the interleaving • 
scheme depicted in FIG. 8 hereof and described below. 

By contrast, in systematic convolutional interleaver 
arrangements embodying the principles of the present 
invention, that separation is not necessarily constant 
and, indeed, is greater than the decoding depth for at 
least certain successive ones of the signals comprising 
a particuiar codeword Thus assume thai each RS code- 
word comprises 1 1 S input signals and 4 redundant stg- 

4S nais, and assume that the input signals come in the or- 
der Of 



; m,tlS- C m l.HS ' 
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C m,117. C m-i 


.113' 




C m.n6- C m-i 


.112' 


Cm-2.108 — 




1.115' 


Crn-1 111 ■ 




1.114' 


C m -,.i, 0 , 


<W,,. c„ 


1.113' 


C^,. 10B • 




l.l!£- 





i-2, »n ■-- ■ ^m-ae.r- 

C m-28.6 



■■ C m-2fl.4' 
■■• C m-27> 
• C m-27.S' 
- C m-a/.S- 
- C m . 27 . 4 ,.. 



Conceptually, one can immediately add the 4 F1S 
redundant signals to the above stream (which can be 
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shoughi to be no It si this point) to result in the stream 

Cm. (13. C;n-l.::S' C m . a C^.gjj C m . M 3 , 

t'rn.llS' C m 1,;<4 C m . tl i(|.. - C m . se s . C^.^^. 
C m.l17- , C m . 2 l0 g,. , C^.ga g. C^-jg ,, 

Cffl.ue. Qrn-i.via. CWe.iQB G-m&BA: C'm SS.O' 

C re; 1.119 ■ ^i* i15 , C m ., it,,. ,. 0^377, C m . £B 3 , 
C ro .t iia , C„, ,-,4 . C m . l lic ,..., C m .j7_ 6 , C m .2 32 , 
C m*1 117' C <m.Ti3. C m-1 109—- C m-27.5> C rn-2av 
C m+l.H6> C m.-Si2 = C rn-1.108 - ■■ C m-27.<1- C m-aa.O: - 

A pieiortat view of ihis stream is presented in RG. 5. 
it is depicted an the form of 30 parallel signal paths, cr 
"raiis." that have been multiplexed onto a single stream . 
!hrci;gh a switch friai cyciically connects ;o all of tho sig- 
nal paths. 

In accordance with the principles discfosed herein, 
giver, the assumed significance of these signals vis-a- 
vis tneir relationships to each other' and to the RS code- 
words, appropriate routing of Ihe signats to a plurality of 
coders, and roultn-j of tho plurality of coded signals into 
a single stream o* output signals yields, in effect, a sys- 
tematic conventional interleaver. 

FIG. 6 presents a structure thai is responsive to the 
specific signal stress described above. While It is sim- 
ilar to the structure shown m F1C3. <i. it routes the input 
signals differently, and achieves a highly improved re- 
sult 

In FIG. 6, ine input signal stream is applied to router 
10 which comprises a switch trial, responsive to control 
Signals from contrciler 15. distributes the incoming sig- 
nals to its 30 outputs Each output of router lOiscoupted 
to a corresponding Reed-Solomon (RS) coder 20-j and 
she outputs ot the 30 RS coders are routed to a common 
outpsJl port through router 30, Router 30 and the RS cod- 
tars are also responsive to controller 1 5 which imple- 
ments the routine procedure described below 

in operation, 'outer 10 needs to cycle through RS 
coders 20- < through 20-29 for 4 cycles, while skipping 
RS coder 20-00. During those 4 cycles, RS coder 20-30 
receives no input ;or the null input of C 03 , C oa , C 0 1r 
and C 0 0 ) and coUsr 30 cycles through RS coders 20-1 
through 20-30 for she 4 cycles. Thereafter, router 10 cy- 
cles ihrough RS coder 20-30 through 20-23 for 4 cycles 
White skipping sodsr 20-29 rouim SOeyetes snroisgh 
RS coders 20-30 ihrough 20-23 fonhe 4 cycles, and so 
the process centimes 

if it is assumed ihal ll9 , is inserted into RS cod- 
er 20-1 then, according to the description above, the 
next three samples iSat are inserted into RS coder 80-1 
are Cas.ne- c 29ii?- and C 2 s.5i6 At lne enc! Df those 4 
cycles, when C, 4 :S inserted into RS coder 20-29, the 
cyciing sequence of router 10 is altered and the next 
clock advances the routing to RS coder 20-30, At that 
point, She RS codes- 20-30 is reset and, accordingto the 
description set tonri above, ihe C 30 _ llg . is entered into 
RS coder 20-30 (smarting to accumulate input signals of 
a new RS coeSevwr-rd). and at the neicl clock period 



Cag.ns 'S entered into RS coder 20-1 . 

Directing attention specifically to a particular coder, 
such as RS coder 20-1 , n is seen thai the above-dis- 
closed cycling procedure achieves the following: 

s 

1 ) it routes the input signals which belong io a par- 
ticular codeword to a specific RS coder. 

2) after 29 of the 4 cycle intervals, an RS coder has 
received the full set of 116 input signals, and 

'0 31 thereafter, the RS coder is loft wilh no (or null) 
inputs for one 4 cycle interval, during which time the 
RS coder outputs the 4 redundant signals 

£"29.3' ^29^3' ^29 i ' snd Gjtg 0 to router 30. 

»s Consequently, the stream of output signals of router 
30 is in the order of trie above-described input signs Is, 
to wit. 





i.n9' C m .i.n5, 




- C m-2B.7. C m-39.n. 




1.118- ^m-1.114 ■ 


C mZ.V.0.- 


■ . C m-28.6' C m-S9,a> 


c« 


i 117 . C m .|, 113 


' ^m-2,109 ■- 






>.116> ■ 


Cin-a.ioa — 


■ C m-£8.<> C ™ S9.0 


C„ 


H1.H9 ■ C m,113 




C m-27.7- C m-£S3' 


o„ 


1+1,113 ■ ^m.114' 


C n>-1.1t0 ■■ 


- c m-27.r.- c m-ae,2' 




1+1.117 ■ C m.113 


■ ^m-r.ios ■ 


C m-27.5- C re-a3t> 


C IT 


Hl.'lS ■ ^m,112 


■ ^m-t.ioe : 


■ ■ l -'m-27.<J- C'm-2E.O' 



confirming that the FiG. 6 arrangtiment is s systematic 
interleaver (except that some redundanl non-nud sig- 

30 nals are inserted at appropriate placss) 

From the above, it is seen (has the appropriate cy- 
cling or routers !0 and 30 and resetting of the RS en- 
coders are all that is necessany to implement controsier 
15, and such can be easily accomplished with a few 

35 counters and some combinatorial logic. 

FIG 7 shows a systematic con volution a! deinter- 
leaver adapted to respond to signals developed by the 
inie-ieaver of FIG. 6. The FiG 7 arrangement includes 
a series connection of a switch 40, a first detnterieaver 

■to 42 comprising delay elements, a switch 43. a decoder 
input buffer 51, a decoder 50, a switch Si, a second 
dernterleaver 60 comprising delay elements, and a 
swstch 63. Within deintarleaver 42. each deiay element 
42-j introduces a delay ot ({116 - 4;}x30j signals {wt!n j 

"S ranging fjom 0 so 29}. and within aeinterleaver 60. delay 
element 60-j introduces a delay o) (4jX30). Switches 40 
and 43 are synchronized Consequently when the in- 
coming stream of signals is arranged to insert C m -;, 9 
into delay 42-0, the signats belonging to a particular 

SO ccrfeword appear concurrently a: the outptJt ot dainfer- 
ieaver 42, allowing decoder 50 to correct errors. Of 
course, decoder 50 could merely raise an alarm, or sim- 
ply inform the system that an error has been detected. 
To be more precise, during tha interval that signals 

55 C m.t19' C m- 1.1*5- C m-2.1l! .— . C m . a8 . 7 , C^g-j, 

are inserted into deiay elements 42-0, 42-t, 42-3,.,. 
42-28 and 42-29, respectively, the outpuis of those de- 
lay elements correspond to 
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C, n .2$ 119- C i«-S» -,t5. "V 29.51 ■ C m -29.7- 0,„. ZQ ^. 

The following three cycles yield the signals 

C m .?9 us- C m . Ef . J14 , C^. ag _ 11c ,..., C ra . a9i6 . C m . S9Z . 

and that complsies me entire codeword. Decoder SO, 
however, needs So process the signals sequensialiy. i.e., 
in the order 

C n-2?.-19' C m-£'S.11B' C m-29.517- ■ 

The task of rearrancsis-.g the sequence Talis io buffer 51. 
Thereafter, decoder SO decodes th a codeword, corrects 
errors fit correctable errors exist, and if that is the de- 
ssied mode of operation), and outputs the corrected 
codaword into deinserleaver 60 which reverses the ac- 
tion of detnterieaver 42 

In its simplest to'm, buffer Si can comprise two 
memories, each of which contains 120 signais. Whife 
one memory is loaded with signais, the other memory 
is processed by decoder 50. Decoder 50 may be a con- 
ventional decoder adapted for Ihe code empioyed, 
which in the present disclosure is a conventional RS de- 
coder. 

Assuming that Takes decoder 50 a 120 signal in- 
terval tc decode on« RS codeword and, thus, when the 
output of deinteriesver 42 correspond* to RS codeword 
m-29, the output of dacoder .50 corresponds lo code- 
word rn 31 Dai Mt,' '> * t 
recreate the stream ar the input of switch £0. In sum, the 
arrangement of FIG 7 injects a 31 -codeword delay. 

Certain genera; observations can be made at Shis 
point 

The input signs? stream, such as that shown as be- 
ing applied -o router 10 tn FIG. 5, can be characterized 
35 comprising M inp.it signal sequences (where, ifius- 
trativgty N ~ 30 }. those being the N sequences thai are 
applied so RS coders 20-1 through 20-30. The output 
signal stream, such as that shown as being provided at 
the outpu; cf router 30. can be characterized as com- 
prising N output stomal sequences, those being the N 
sequences that are generated by RS coders 20-1 
through £0-30 Illustratively, the same inoui signals Shat 
are appl-ed io the RS coders aisc appear tn the outputs 
ot those coders, augmented by redundant siqnais This 
implements a so-casscf sy^ma^c ccH5t : ; itty tron-rast. 
in a non -systematic coder, the output signals-alt hough 
equal in number io trie output signals thai are provided 
in the systematic coder case --do not include a repetition 
of the input signals. Rslher, in general, the output sig- 
nals are all different from the input signets. Use of She 
term "systematic" as i> .-elates to lha coders should not 
be confusco with use- that that term as it relates to the 
interleaving, as described herein.) 

in any even;, nc matter whether s?ie coding is sys- 
tematic or non-syss-smatic, one can make a generic 
statement about whs; makes the rnisrSeaving !hai is im- 
plemented :n FIGS. 5 and 6 syssematic in rer;eav;ng. 



That generic statement is that successive input signals 
of each of the input signal sequences cs»i be positionally 
mapped to successive output signals of the correspond- 
ing output sequence wbife, <n addition, successive input 
5 signals of the overall input signal stream can be posi- 
tional!'/ mapped lo successive signals of ihe overall en- 
coded output signal stream. Such a mapping can be 
made even though the overall output stream includes 
more signals than the input stream because of the in- 
rf traduction of redundant signals by the RS coders. More- 
over, this generic statement applies whether or not the 
coding is systematic or non-systematic and whether or 
not the coding is of the block type or ts of the convolu- 
tions! type, the latter being describee hereinbetow. 
f 5 Note, moreover, than m accordance) with the inven- 
tion, I he separation between the successive signals in 
each output signal sequence ts not constantly equal to 
the decoding depth N bus, rather, is greater than the de- 
coding depth N lor at least certain successive ones of 

2° the signals in each output sequence. In particuSai, as 
can be seen by referring to FIGS. 5 and 6. the separation 
between each of the signals C m ,, g , C m ,, s , C,,, n7 , 
C m1is , is equal to N (e.g., 00), but the separation be- 
tween the signals, C m _„ 6 and C mJ1s , is equal to {N + 1) 

? s (e.g., 31 ). This is advantageous in that, for example, the 
increased average separation o! she signais comprising 
a particular RS codeword enhances the system's ability 
to withstand burst errors in She channel. This increase 
in the average separation of the signals comprising a 

so particular codeword of a particular output signal se- 
quence comes at the expense of a decreased separa- 
tion between the last signal of each codeword and the 
first signai of the following codeword in that sequence. 
However, since the different codewords are independ- 

-5 enlly decoded, the loss of that separation does not del- 
eteriously affect the overall ability of the system so pro- 
vide accurate decoding. An overall increase ir ; the ability 
to withstand burst errors in ihus provided. 

More particularly, the scheme represented by FIGS. 

49 5 and 6 can be described by observing ihat each output 
signal sequence comprises a plurality of subsequences. 
In this embodiment each subsequence of FIG. S com- 
prises d = 4 signals. That is, looking at the output se- 
quence comprising C m n9 , C m _ 1t8 C raX . it can be 

*s seen to comprise ihe 4-signai subsequence C m 
c m.na- c m,n7- c m ne- 0,1 lne topmost signal path, or 
"rail" oi FSG. 5 followed by the 4-signal subsequence 

Omits- tU- ^'m.113- ^m.tM' W ""IS SOCOnd-tO-top- 
mosi signal path, or "rail" of FIG. 5, etc. Observe that 

so while She signais within a subsequence are spacedtrom 
one another by N in she output signai stream of FIG. S 
the last signal of she subsequence is spaced from the 
first signal of the next subsequence by more than N-- 
illwstratwely by (N + 1 ) 

6S One can also understand the arrangement of sig- 
nais as represented by the example of FIGS, 5 and 8 by 
conceptually regarding all of the various signals as be- 
longing to a particular one of the N parallel paths, or 
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°ra:ls° of FIG, 5. (it should be noted a! this point that the 
use of the lerm and/or the depiction of the signals 
as being arranged in such rails doss no! imply that ihe 
signals cf a particular raii can necessarily be found as 
appearing on different physical feads. Rather, the notion s 
of ratis is used herein as a way of defining yet another 
conceptual grouping of the signals in addition to (heir 
groupings into, to-- example, Peed-Solomon code- 
words.) 

(n particular, cne can observe that the (Nt+j) ,h sig- to 
nal, of the output s-igrcal stream belongs to the j lh rail, for 
1=1.2, ,N and t = 0,1,2 .. One can also observe that 
each output s:gn«; sequence comprises at least one 
codeword. Denote the.k ,h signal of the m ,h codeword as 
C m k . One can further observe that the signals of each is 
codeword belongs to at least two different rails and the 
j 1 * 1 one of said N rails comprises She signais C m d 
through C mji .. d . f - S tor at least one value of x (e.g , V-9) 
and a selected vaius of d (e.g. 4). 

Irs addition, it can be observed vis-a- vis ihe receiver so 
arrangement o' FtG 7 that because it can be implement- 
ed with actual delay lines, e.g., ha ;d- wire shift registers, 
the receiver can b<s operated to provide higher through- 
put than would typ:caliy be obtainable using a random 
access memory irr-piementation to emulate the action & 
of those delay iinsss. given any particular implementa- 
tions! technology. This facilitates the use o'the invention 
in high -data -speed applications. 

The arrangement of FiG 5 illustrates one specific 
incoming stream of FtS codeword signals FIG 8 30 
presents an alternative assumed incoming stream, 
which is expressed below {again, including 4 blank, or 
null, redundant signals). 
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!his input stream is similar to the stream suggested 
by Gallager, except for the very crucial difference thai 
the starting points o? The different RS codewords are 
staggered Thus, instead of developing a block inter- 
leaving, what is accomplished fs convolutions! interleav- 
ing, 

"the macro structures of an nncoder responsive to ss 
the signal depicted in FIG. 8 is the same as the one de- 
picted in FIG 6 However, the control of the router and 
the RS decoders s-s different. 

To review, ;n connection with the FIG. 5, the input 
signais are fits! inserted into coders 20-30 through ss 
20-25, skipping coder 20-30 for 4 cycles and router 30 
cycles coders 20-- through 20-30 for the 4 cycles 
Thereafter, the very nexi by'eis inserted in code 1 20- 30. 



the following byte is inserted into coder 20- 1 , and for the 
next 4 cycles coder 20-29 is skipped and router 30 cy- 
cles through coders 20-30 through 20-29 for the 4 cy- 
cles. 

In connection with Ihe FIG 8 signal, the input sig- 
nals are also first inserted into coders 20-1 through 
20-29, skipping coder 20-30 for 4 cycles. The very next 
input signal is again entered into coder 20-30, coder 
20-29 is skipped when its turn arrives. However, and tn 
contradiction, router 30 cycles through codeis 20-1 
through 20-30 for every cycle. 

It maybe noted that in both FIGS. 5 and 8, encoders 
RS(n.n-f) may be used with any r, 0<r<n. The number 
of encoders is determined by ttte interleaving depth, 
which is chosen to be 30 throughout the texL The inter- 
leaving csepth certainly does not have to be 30. U has 
nothing to do with the amount ol redundancy r. Further- 
more, it can be chosen to »e independent ot ths length 
n ot the RS code (n is chosen to be 1 20 throughout the 
text), although for some n's the interieavor and demter- 
leave* based on FIG. 5 can have a nice structure 

it may be further noted that a number ot practical 
design considerations that are commonly encountered 
in coder and decoder designs such as described here 
have not been presented here, (or sake of brevity. For 
example, it may be noted that the signal corning into 
router 1G has a slightly different rate than the signal ex- 
iting router 30. Specif icaiiy, in the same time frame there 
are 116 signals corning in and 120 signals going out 
This slight rate change \s conventionally accounted for 
by providing a buffer sn biock 20: specifically, one signal 
delay in each encoder would suffice There is a corre- 
sponding rale change *n the deinterleaver between the 
signal at switch 40 and the signal at switch 63, 

Wh ereastheha rd ware embodimentpresentedsug- 
gests delay lines, it should be understood that other stor- 
age media, such as semtconductoi memories, can be 
used with identical effecliveness. Also, it should be un- 
derstood that although this disclosure employed Reed- 
Solomon coding, other ceding approaches can also be 
used. 

The invention is disclosed herein in the context of 
se-catied block encoding, of which Reed-Solomon cod- 
ing is an example. In block coding arrangements, a pre- 
determined number o? coder output signals comprise a 
codeword which can dr decoded without reference to 
any other outputs of the encoder, in the example herein, 
for example, thai number of coder outpul signals is 1 20. 
However, the invention is not lirmtecj to being used in 
conjunction with block codes. Rather, as alluded to here- 
inabove, it can also be used in arrangements in which 
the encoding is, for example, so -called eonvolutionai 
coding. (The latter is not to bo contused with convolu- 
tional interleaving, which is defined hereinabove and re- 
lates to the manner in which the coder outputs are ar- 
ranged in the output signal stream.). in a corivoiuttionat 
coder, such as a so-called Ireilis coder, no particular 
group of coder output signals tan be segmented from 
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iheouipui stream and decoded. In this sense, the coder 
out out word is of indefinite length 

Although in the the illustrative embodiment various 
Junctional elements are disclosed as being discrete en- 
lilies and. indeed, could be imp I err- en led as such, it will s 
be recognized by those skilled in the art thai any on© or 
more ol those e>eroenls could be realized, for example, 
in the form of one or rror e general purpose cr special 
purpose processors which have been programmed to 
perform the functions involved. to 

The numerical values for various parameters used 
herein are, of course, illustrative and can be cftosen to 
fit - ho needs oi any particular system embodying the in- 
vention 

It wilt ;hus be realized, more generally, that although is 
the i riven! • on is disclosed herein in the context of partic- 
ular embodiments, those skill in the art will be able to 
devise numerous other arrangements wfiich, although 
not explicisiy shown or described herein, embody tns 
principles ol ihe rnvention and are within its scope. ?o 



Claims 

1 . A method of encoding a stream of input signals to 
generate a si ream of encodad output signals, the 
input signal stream comprising N input signal se- 
quences and the output signai stream comprising 
N output signs: sequences, each of She output sig- 
nal sequences being generated in response !o a 30 
corresponding one of the input signal sequences 
using at least a first predetermined redundancy 
code, lhe encoding being such that successive in- 
put signals of each of the input sequences can be 
positionalty mapped to successive outpu! signals of 35 
the corresponding output sequence while, in addi- 
tion successive input signals ot she input signal 
stream can be positional^ mapped to successive 
signals of ihe encoded output signai stream. 

characterized In that at least certain succes- fo 
sive ones of the signals in each output sequence 
are spaced from one another wilhin the output sig- 
rial 'stream by more than N 

2. A meihod ci genera! ing an output signal stream *s 
comprising N encoded output signal sequences, 
each output signal sequence corresponding to one 

ol N input signal sequences, said arrangement uti- 
lizing redundancy encoding and implied systematic 
convolutional interleaving to generate lhe output so 
signal stream, 

charactered in that at least certain succes- 
sive ones of the signals in each encoded output sig- 
nal saquence are spaced from one another within 
the outpu! signal stream by more than W. ss 

3 A method of encoding an ordered stream of input 
signals to develop a stream of outpu! signals, said 



stream of output signals comprising said stream of 
input signals in its original order combined with an 
associated plurality of redundant signaSs. each of 
the redundant signals being a funclion of a prede- 
termined group of said input signals as defined by 
at least a first predetermined redundance code, the 
output signals betong : ng so each said group, as welt 
as the associated redundant signais, appearing in 
said outpu! stream with noh- uniform spacing. 

4. A method ol encoding a stream of input signals to 
generate a stream of encoded output signaSs, the 
inpul signal stream comprising N input signs) se- 
quences and the outaut signal stream comprising 
N output signal sequences, each of lhe output sig- 
nal sequences being generated in response to a 
corresponding one o? the input signal sequences 
using at least a first predetermined redundancy 
code, the encoding being such that successive in- 
put signets of each of the input sequences can b© 
positional mapped to successive output signars ol 
the corresponding output sequence while, in addi- 
tion, successive inpu signals of the input signal 
stream can be positionalty mapped to successive 
signals of the encoded output signal stream, the 
(NT + j) m signal of the output signal stream belong- 
ing to the j* one of fM rails, j~l ,2 ; . .. ,N and teO, 1.2,. .., 

characterized in that the signals of each out- 
put signai sequsnee belong joat least two diffcren! 
rails 

5. A method for use in a system in which a stream of 
input signals is encoded to generate a stream of en- 
coded output signals, the input signal stream com- 
prising N input signal sequences and She output sig- 
nal stream comprising N output signal sequences, 
each ot the outpu! signal sequences being gener- 
ated in response to a corresponding one of the Input 
signal sequences using at least a first predeter- 
mined redundancy code, the encoding being such 
that successive inpul signals of each of the input 
sequences can be positionally mapped to succes- 
sive output signals of the corresponding output se- 
quence while, in addition, successive input signals 
of the input signal suream can be positionally 
mapped 10 successive signals of the encoded out- 
put signal stream, the method comprising the steps 
ol 

receiving said stream of encoded output sig- 
nals, and 

decoding the received stream of encoded out- 
put signals to recover said stream of input sig- 
nals, 

characterized in that at leas! certain succes- 
sive ones of the signais in each oulpul sequence 
are spaced irorn one another within the outpu! sig- 
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rial stream by more than N, 

S, A method for use in a receiver o( a system in which 
an output signal stream comprising N encoded out- 
put signal sequences is generated and transmitted $ 
io sasd receiver, each output signal sequence cor- 
responding to one of N input signal sequences, said 
system being o( a type which utilises redundancy 
encoding and implied systematic convolutions! in- 
terleaving ic generate the output signal stream, the *o 
method comprising the steps ol 

receiving said output signal stream, and 
recovorifto. N input signal sequences 
there frop-s using redundancy decoding and con- >$ 
volutions! de interleaving, 

characterized in that at least certain succes- 
sive ones ol the signals io each encoded output sig- 
nal sequence are spaced from one another within so 
the output signal stream by more than N. of claims 
1,2 5 or 6 

7. The method ot any of claims 1, 2 5 or 6 wherein 

each of the output signal sequences comprises a zs 
plurality of s-ufcsoquencos and wherein, for at least 
one value ot i, and the i ?h subsequence comprises 
S, signals which are spaced from one another in 
said output signal stream by N, and the fast signal 
r>! said i :h subsequence is spaced from the tirst sig- 30 
nal of the : i+ ! ) s! suosec-uence by more than Esi. 

S, A method comprising the step of recovering an or- 
dered stream d input signals from a transmitted 
stream of ouipu! signals which was generated by 3S 
encoding sa.o ordered stream of input signals, said 
stream of output signals comprising said stream of 
input signals in its original order combined with an 
associated pi-jraiity oi redundant signals, each of 
(he reoundar*; signals being a function, of a prede- *Q 
termined group of said i--iput signals as defined by 
at least a t:rst predetermined redundancy cede, the 
/ output signals belonging to each sa id group, as well 

as the assented redundant signals, appearing in 
said output siream with non-uniform spacing. 

S. A method for use in a system in which a siream of 
input signals is encoded to generate a stream ot en- 
coded ouipui signals, the input signal stream com- 
prising N input signal sequences and the Output alg- SO 
nal stream comprising N output Signal sequences, 
each of the cut put signal sequences being gener- 
ated in response to a corresponding one of the input 
signal sequences usmo at least a first predeter 
mined redundancy code, the encoding being such ss 
that successive input signals of each of the input 
sequences car. bo posit ionally mapped 10 succes- 
sive output signals of the corresponding output se- 



quence white, in addition, successive input signals 
of the input signal stream can be positionaliy 
mapped to successive signals of the encoded out- 
put signal stream, the ( NT + j } lh signal of the output 
signal stream belonging to the j th one of N rails, j 

= 1,2,.. ,N and !.-0, 1,2 the method comprising 

the steps of 

receiving said stream of encoded output sig- 
nals, and 

decoding the received stream of encoded out- 
put signals to recover said stream of input sig- 
nals, 

characterized in that the signals of each out- 
put stgnai sequence belong to at least two different 
rails. 

10. The method of claim 4 or claim 9 whereir; each out- 
put signal sequence comprises at least one code- 
word, the W h signal of the m^ 1 codeword being C m k . 

characterized in that the one ot satd N rails 
comprises the signals C m K j rf>d through C^.^, 
for at least one va'ue of X and a selected value of d 

11 . A method for use in a receiver to which is transmit- 
ted a stream of encoded output signals thai was 
generated by encoding a stream of input, signals** 
the input signal sit earn comprising H input signai 
sequences and the output signal siream comprising 
N output signal sequences, each of the output sig- 
nal sequences being generated in response to s 
corresponding one o! the input signal sequences 
using at least a first predetermined redundancy 
code, the encoding being such thai successive in- 
put signals ot each of the input sequences can be 
positionaliy mapped to successive output signals o' 
the corresponding output sequence while, in addi- 
tion, successive input signals of ihe input signa! 
stream can be positionaliy mapped to successive 
signals of the encoded output signal stream, each 
output ssgnai sequence comprising at least on© 
codeword, the k !t> signal of tne m lh codeword being 
C m (he ( Ni + j ) lh signs) of ihe outpul signal stream 
belonging to ihe I th one ol W rails, j = 5.2,. ,N ancs 
1=0,1.2... , the i' h one of said rails comprising the 
signals C^ ^j through C m X . |c!t1 for ai Seas; one 
value ot X and a selected value ol d, the method 
comprising the steps of 

receiving the transmitted stream of encoded 
output signals, 

applying those signals in the received transmit ■ 
ted siream which comprise at least the l s! 
through N lh rails to 1 st through N m first delay 
lines, respectively, the length of the first delay 
line being dN signal periods greater than the 
delay amount tor the j + 1 ) sl first delay line for 
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0 < j < M 

assembling me outputs of said first delay lines 
into groups o? signals each comprising the sig- 
nals of a respective one of said codeword, 
decoding each of said groups of signals in a re- 
dundancy decoder, and 
applying successive decoded outputs from said 
redundancy decoder to respective 1 s ' through 
N second delay lines, respectively, She length 
of ine \ in second delay line being dN signal pe- 
riods less Iran the delay amount for the (j + 1 J 8 * 
second delay Sine for 0 <j < N, and 
recovering said stream of input signals, in their 
originaS order, by applying individual outputs 
l(Om said second delay tines, in sequence, to 
an output. 
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